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Introduction. 

It  has  "been  our  ate  in  this  theaie  to  make  it  a  purely 
Chexnioal  Engineering  design,   involving,   as  it  does,  probl^na 
laoth  in  oh^Qistry  and  in  engineering.       The  undertaking  has 
proved  larger  than  we  had  anticipated  and  consequently  we  have 
not  gone  Into  detail  as  mu^  as  we  would  have  liked.     We  have 
endeavored,  hovyever,   to  Taring  in  all  the  ii^ortant  parts, 
alighting  only  those  of  minor  consequence.       We  have  e^eri- 
enoed  considaraWa  difficulty  in  procuring  worka"ble  data  in  re- 
gard to  various  inaohines.        This  is  especially  true  of  some  of 
the  large  iS'-^ufaoturers  of  modern  pulp  raaking  machinery,  al- 
thouf^i  In  most  instances  we  have  received  proEipt  and  oourtoous 
treatment. 

The  pulp  mill  in  various  views  and  details  is  aihovm  on  the 
annexed  Islue  prints.       Ho  particular  location  has  toeen  chosen 
for  the  mill,  "but  an  abundance  of  olesm  water  is  necessary,  and 
proximity  to  a  large  lake,  or  a  river  on  ?^ioh  the  logs  can  Tdo 
floated,   is  desirable.       It  is  also  assumed  that  the  mill  has 
good  transportation  facilities  and  is  near  a  large  source  of 
supply  of  spruce  wood.        The  power  plant  and  office  "building 
have  been  omitted,  as  they  are  not  essential  in  the  design}   the 
power  plant  woxild  be  a  complete  design  in  itself  and  would  vary 
in  size  according  to  whether  or  not  water  power  were  available. 
The  mill  is  to  be  electrically  lighted  and  the  machinery  elec- 


trloally  driven.   The  capacity  of  the  mill  i»  50  tons  dry 
sulphite  pulp  per  day  of  twenty  four  hours;  the  pulp,  however, 
is  not  dried,  but  is  allowed  to  retain  considerable  water,  as 
it  is  considered  to  be  better  in  this  condition  by  some  paper 
manufacturers J  space  has  been  left  to  increase  the  capacity 
of  the  mill  to  75  tons  per   day. 

Ho  attengat  has  been  made  to  design  the  acid  system  as  the 
St  ebb  ins  systera  has  been  adopted  in  nany  modern  mills  and  is 
oonsidersd  hi^ily  efficient.  It  is  much  more  compact  and  less 
oostly  than  the  old  tower  systeas. 
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Prooessea  of  lCaii\xfacture  of  Wood  Pulp. 

Paper  oonaista  of  cellulose  ffhern  matted  or  felted  Into 
a,  ooherent  sheet.        Tiie  raw  materials  used  are  of  various 
kinds,  "but  "by  far  the  greater  amount  of  paper  now  manufactured 
is  made  from  wood  filler.       There  are  two  general  methods  of 
manufacture  of  wood  filler ,  mechanical,   and  chemical. 

IIECHAJflCAJi  PROCF.SS-The  laechanical  process  consists  in 
forcinga  log  of  wood  ahout  2  feet  long  against  a  revolving 
grindstone  over  wMoh  a  strejya  of  water  plays.       The  resulting 
pulp  is  washed  away  "by  the  water  and  passes  to  a  set  of 
soresns,  which  remove  pieces  which  have  heen  Insxjff  ioiently 
ground.       Tlie  pulp  then  passes  to  a  tank  in  which  a  cylinder 
covered  with  wire  gauze  revolveaj    this  picks  up  a  layer  of 
pulp  and  delivers  it  on  to  ajti  endless  "belt,   which  then  passes 
throu^  a  nieober  of  rolls,  where  the  water  is  squeezed  out  and 
the  pulp  coEipressed  into  a  compact  sheet;   after  which  it  is  cut 
Into  fiflieets  of  convenient  size.       Mechanical  fiher  is  oon- 
taralnatad  with  lignin  and  other  resinous  matter  whidh  turn 
brown  on  ejtposure  to  light.       The  fihers  are  short  and  do  not 
mat  to  {gather  well,   so   that  t  he  p^er  made  from  It  is  not 
strong.       Mechanical  pulp  is  used  only  for  cheap  paper,   and 
generally  In  conjunction  with  eheciioal  fiher. 

SODA    PROCHS  S-Chemical  fiher  is  now  generally 
made  by  either  of  two  processes,   the  soda  process,   or  t  he 
sulphite  process.       In  the  soda  process,   the  wood  is  out  into 
Short  lengths  and  chipped,   that  is  to  say  cut  into  small 
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pieces  running  length  wise  with  the  grain.        The  duat  is  re- 
moved from  the  ohlps  "by  blov/ing  th«a  against  a  screen  and  they 
are  then  put  Into  a  tall  steel  cylinder  caLle  d  a  disaster.     The 
digs  St  er  is  nearly  filled  with  chips  which  are  then  oovored 
with  a  caustic  «oda  solution  of  sp.   gr.  1.15.       St<||ua  is  hlown 
in  at  140  pounds  pressure  and  the  chips  cooked  for  fire  or  six 
hours.       At  the  end  of  that  time  the  pulp  and  "black  liquor" 
are  "blown  out  into  a  tank  Waere  the  piilp  is  systenaticftlly 
washed,  the  wai^  waters  "being  saved,   and  evaporated  and  cal- 
cined to  "be  used  over  again.       The  action  of  the  caustic  soda 
is  tw>-fold;   first,   toother  with  the  steam  under  pressure  it 
aids  in  breaking  up  the  organic  and  other  incrusting  matters 
of  the  wood  fi"beri   and  second,    it  neutralizes  the  organic  acids 
formed  during  this  decomposition,  which  would  otherwise  char 
the  cellulose.       The  caustic  soda,  however,   has  a  detrimental 
action  on  the  celliaose  itself  especially  when  the  pressure  is 
very  highj    some  of  the  fi"ber  is  dissolved  or  destroyed,   while 
all  of  it  ia  weakened  sonev/hat.       The  pulp  produced  is  of  a 
dark  color,   though  easily  "bleriChed.     Poplar  is  largely  used  in 
the  soda  process,   and  to  a  less  extent  oottonwood  and  "basswood. 
^JLPHITE  PHOCRSS-The  sulphite  process  yields  a  fiber  which 
In  softness,   strength  and  purity  is  superior  to  fi"ber  made  "by 
any  other  process  In  general  use.       The  first  patent  Involving 
the    use  of  sulphurous  acid  in  reducing  wood  to  ptilp  was  that 
numhered  70,485  and  issued  ITov.    5,  1867  to  Benjamin  C.   Tif^l- 
nfm  then  of  PJailadelphia,  and  a  chemist  to  whom  mmy  branches 
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Of  teonology  are  much  indeljted.   A  aupplenentary  patant 
#  92,229,  oovering  the  treatment  of  flTsrous  matei-lals  at  the 
ordinary  pressure,  was  issued  to  the  sane  inventor  in  1869, 
These  patents  form  the  basis  of  all  the  various  modificutions 
of  the  process  at  the  present  time.  The  numerous  subsequent 
patents  to  other  inventors  cover  merely  improvenents  in 
apparatus  and  details  of  treatment. 

'  Tighlman  states  that  his  invention  consists  in  a  procosd 
of  treating  vegetable  substisnces  which  contain  fibers,  with  a 
solution  of  sulphurous  acid  in  water  heated  in  a  closed  vessel 
under  a  pressure  sufficient  to  retain  the  acid  gas,  until  the 
intercellular  incrusting  or  cementing  matter  existing  between 
the  fibers  is  dissolved,  either  partially  or  wholly  as  may  be 
desired,  and  a  fibrous  product  is  obtained  suitable  for  the 
maniifaeture  of  paper  pulp  or  fiber,  or  for  other  uses  according 
to  the  nature  of  the  material  employed, 

THJ50RY  07   ThTil  SIXLP?TITR  Pr?DC"SSS-It  is  well  known  that  many 
of  the  more  ctsaplex  members  of  the  carbohydrate  group  to  which 
cellulose  belongs,  undergo  more  or  less  pronounced  change  upon 
being  boiled  with  water,  especially  if  the  boiling  is  con- 
ducted at  the  higlbier  temperature  obtained  under  pressure  In  a 
Closed  vesti^l.  Sugar,  which  is  a  typical  iienber  of  the  group, 
becoraes  Inverted,  that  is,  the  sugar  combines  to  a  limited  ex- 
tent with  tlie  elements  of  winter,  and  the  more  complex  molecule, 
thus  formerf,  breaks  down  Into  tv/o  simpler  ones  of  dextrose  «nd 
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laevulose.        Such  an  action,   In  whloh  as  a  resul||  of  taklns  up 
the  eleraents  of  water  a  molecule  is  broken  down,   is  cfilled  a 
hydrolytic  action,   and  the  decojnpoaition  itgelf  is  chilled 
hydJTOlysis,       Slrailar  Changs 8,  as  before  stated,   are  brought 
about  through  the  action  of  water  alone  upon  the  more  complex 
carbohydrates  J  mxdh  as  cellulose  and  Ita  incrusting  matte  rs,   if 
not  on  all  the  members  of  the  groiip.       These  changes,  howeTer, 
proceed  far  mora  rapidly  and  completely  in  the  presence  of 
dilute  acids.       Cellulose  itself  is  oomparatively  stable  undor 
these  oonditiona,  unlesn  the  temperature  is  considerably  noised, 
but  Tau«a  and  others  have  ahowa  that  it  is  by  no  means  unacted 
upon.       Lis»in,  probably  from  ita  greater  cong)lf^ity,   is  broken 
do^«n  with  considerable  rapidity  at  temperatures  not  much  higj^ier 
than  the  boiling  point  of  water.       The  products  of  the  de- 
eomposition  are  largely  ©rg.;nie  aoids,   and  the  direction  of  the 
decoi*i|>osl|tion  ia  toward  the  production  of  these  acids,  bu"i 
among  the  earlier  produots  there  undoubtedly  occur  a  consider- 
able proportion  of  mibstances  having  at  least  the  general 
Character  ©f  the  aldehydes.       "When  the  ordinary  mineral  acids, 
such  as  sulphuria  or  hydrochloric,  act  in  the  dilute  foi-a  and 
at  a  Moderately  high  temperature  upon  wood,   the  deoooipoBition 
products  rapidly  accvaaulate  in  the  liquor,  and  undergo  furt;.er 
secondary  d©coBS>©sitions,   the  course  of  which  tends  toward  ih9 
production  of  insoluble,  dark-colored  and  tarry  matters.       It 
is  obviously  ia^ssible  under  these  qonditions  to  look  for  the 
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production  of  cellulose  in  any  condition  of  purity. 

The  reaction  undoulDtedly  takes  a  soraei^at  similar  course 
when  sulphurous  acid  v«'ithout  any  Tjase  is  used,    indeed,    this 
acid  is  well  knovm  to  have  a  decompof^ing  action  upon  nony 
grouns  of  organic  compounds.       As  a  reducing  agent,   using  the 
VTord     in  its  <itienical   sense,   the  acid  retards  and  limits  the 
secondary  changes,  "bui   it  does  not  altogether  prevent  then. 

She  priEfiry  action  of  a  "bisulphite  liqiuor  in  r^flolving  wood 
proceedB  upon  the  s<<nie  lines  as   that  of  a  solution  of  sulphur- 
ous acid,  but    Uae  presence  of  the  ti-^e  in  tliia  oombinat ion 
naterially  modifies  the  subsequent  course  of  the  reactions. 
The  bisulphites  possess  the  renarkable  property  of  fonaing,  with 
the  aldehydic  products  of  the  first  stige  of  decomposition, 
true  double  compounds  wliich  are  soluble  and  conpjyratively 
stable.        Coiopounds  of   this  class  have  been  fot^nd  in  the  v/?iste 
liquors.        It  is  characteristic  of  the  aldehydes  that  they  pass 
by  oxidu'/ion  into  org  jiic  acids,   and  in  spite  of  the  sulphurous 
acid  which  tends  to  prevent  the  oxidation,    there  is  sorie  forma- 
tion of  these  acids.        Once  fomed  they  dlspLace  the  sulphurous 
acid  frofi  an  equivalent  portion  of  the  base  and  fonn  soluble 
organic  salts.       By  these  two  actions  the  bis^ilphites  take  up 
the  produots  of   the  resolution  of  the  wood  and  prevent  for  the 
nost  part  the  extreme  degredation  of  the  products,  which  is 
characteristic  of    the  water  treatnent  or  of   the  soda  process. 
The  combination  of  the  acid  products  wfith  the  base  is  sliovvn  by 
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the  steady  rise  of   the  gas  prossjure  during  the  Inst  part  of  r 
sulphite  cook,   and  which  is  avoided  hy  hlovrlnc  off.       It   is  als© 
shovm  by  the   conipositlon  of  the  waste  li(y.;ors.        A.   Ihl  finds 
that  the  resinous  natter  obtained  "by  evaporating  those  liquors 
consists  ri'O.inly  of  the  calciiaa  salts  of  acids  sinilar  to  arable 
acid,   and  that  these  acids,     as  Indicated  above,   deconpose   oar- 
bonatt-^s,    sulphites  and  suli)}iides. 

An  incidental  adYf^t^ige  of  «on3ifl*?rabl<J  iiaportanco  is  ob- 
tained by  the  use  of  sulphurous  acid  In  connection  with  a  base, 
and  is  due  to   the  po-.rer  of    IJiis  acid  to  fonn,  with  various 
eoloring  natters,   compounds,  which  themselves  are  colorless. 
The  practical   effect  of  this  latter  action  Is  the  production 
of  a  flTjer,    -srhich  nay  be  at  first  of  a  color  as   good  as  that  of 
a  well  bleached  piCLp,   althougji,   as  in  the  case  of  all  sulphur- 
ous acid  bleaching,    this  color  does  not  persist  for  any  ocn- 
siderable  length  of  tine. 

Although  all   the  bisulphites  act  in  general  in  the  mftnner 
specified  above,    the   character  of   the  liq^uor  is  modified  in 
several  Iriijortant  particulars,  according  as  one  base  or  another 
is  in  conbinatlon  v/ith  the  acid.       Bisulphite  of  line  i-s  a  very 
unstable   s<-iJLt,  which  upon  being  merely  h©iA.ted  decomposes,   one 
half  of   the  acid  being  set  froe.        The  resulting  nono sulphite 
is  practiCHJLly  insoluble,    so  that  v;hen  this  deconposition 
occurs  In  the  boiler,    this  latter  salt   is  precipitated  thror<.£^- 
out  the  pulp  f ron  which  it  is  removed  with  difficulty  by  v/aah- 
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ing.       Therefore  when  lira«  liquor  is  used,   there  is  nore  gaa 
praiisure  in  the  dleeater  and  the  reaiatlng  piilp  la  cojaiiaratlveXy 
hard,  harsOi,  and  transparent.       It  is  also  more  difficult  to 
make  a  straight  lisie  llqiuor  of  high  test  than  it  ia  to  prepare 
iulmilar  llqiioris  f3(*om  nagnesla  and  soda,     "but  on  aocoimt  of  tli« 
InsoluTjility  of  siaphate  of  lime  the  fonaer  never  oontjiin  over 
3^  of  aulphurio  acid,   while  aodiiim  or  maenssixan  liquora  mst^ 
contain  an  indefinite  araoimt.       In   the  case  of  oalcivia  liquors 
any  excea*  of  sulphate  over  the  amount  given  is  precipitated  and 
m^  "be   settled  out, 

Biaulphite  of  masneslTjia  is  somevrfiiat  aore  staljle  than  tho 
oorr^sponding  orsloium  salt,  and  ita  action  on  th«  Incnisrting 
matters  is  wilder  "but  even  B3»r©  affeetual.       The  sulphates  or 
inonoaulphit 9»  ishieh  nfsir  lae  present  in  nfignesiiOB  liquors  rorxfiin 
in  solution  and  are  easily  vrashed  out  from  the  pulp.       The 
resulting  product  is  much  t^Uter  flund  softer  than  any  iwhich  is 
ordinarily  isado  with  line  without  scaae  subsequent  trea.tn'^.nt, 
Th.ese  desirable  qualities  are  possessed  in  a  still  higher  de- 
gree Tsy  iieda.       sodium  bisulphite  is  not  so  permanent  that  it 
may  be  easily  Obtained  and  presorved  in  the  •tystallin®  form, 

fhe  ^.n  has  so  strong  an  affinity  for  the  base  that  liquors 

0       • 

of  35     Be,   nasr  be  made  without  difficulty.       Both  the  si»lph;ite 

and  sulphite  of  soda  are  very  soluble,  and  hence  there  is  no 
precipitation  either  in  the  liquor  apparatus  or  in  the 
digester.       Piilp  nade  with  soda  liquor  is  white  and  soft,   and 
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almost  entirely  free  from  the  loat  portions  of  inorusting 
matter. 

It  has  "been  held  "by  acme  that  sulphuriq  acid  In  oonsidera* 
ble  quantities  is  forraed  In  the  digester  dtiring  boiling,  but 
asttaerous  daqiepimentji  show  that  in  ro.Hlity  tJiia  oadldation  of  the 
sulphurous  acid  is  rerj  sll^t.       It  is  obviously  so,  when  w« 
consider  that  making  no  allowance  for  the  chips  and  liquor  in 
the  digester,  but  supposing  th©  i^ole  interior  to  be  filled 
with  air  at  the  ordinary  tesB^perature  and  pressure,   the  total 
quantity  of  oa^gsn  oontained  therein  amounts  to  only  22#  in  a 
digestor  of  IJ^X)  oubic  feet,  a  quantity  so  small  when  ooeipared 
to  the  wei^t  of  sulphurous  acid  in  the  liquor  that  it  may  be 
disreffL  rded« 

It  is  seen  from  the  foregoing  discussion  that  sodium 
bisulphite  ma}ces  the  best  liquor.       Althou^  this  is  true,   it  is 
as  yet  too  expensive  for  practical  use,  and  a  mixture  of 
calcium  and  magnesium  bisulphites  is  almost  universally  «a- 
ployed.       2hQ  bisulphite  liquors  are  made  by  passing  sulphur 
dioxide  through  towers  packed  with  dolomite  over  ifhich  water  is 
trickling;   or  by  leading  sulphur  dioxide  into  closed  vessels 
containing  milk  of  lime  (prepared  from  dolomite). 

Description     of     ^lethod    Used. 
^ere  are,  practically  speaking,   six  different  methods  of 
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producing  sulphite  fiber.       The  prooaBses  differ  only  in  the 
mnner  in  whicsh  the  wood  ia  treated  with  the  aoid  liquor  *nd 
not  in  the  preliminary  sawing  and  <Siipplng.       In  the  annexed 
doai®a  the  Quiok  Cook  Unreached  Method  ia  employed,       th©  name 
explaining  itself;   the  raw  material  is  spruce  wood. 

^e  logs  as  receired  at  the  mill  from  the  forest  are  out 
into  twelve  foot  lengths.       They  are  conveyed  from  the  storage 
yard  to  the  Btm  whioli  outs  them  into  two  foot  lengths  In  one 
operation,       The  loga  than  pass  onto  another  oonve|||>r  which 
carries  then  t<>  machines  for  reaioving  the  bark.       These  consist 
Of  rerolYing  disks  having  knlYes  which  rotate  longitudinally  to 
the  log.       Hie  latter  rests  on  adjustable  st^ports  and  is 
ilowly  rotated  by  means  of  an  automatio  barker  atta^inent  thus 
oaposing  new  surfaces  of  baife  to  the  knives  and  diminishing 
waste  due  to  irregular  eutting  when  turned  by  hand.       Praoti- 
oally  the  only  laanual  labor  neoeesary  up  to  this  point  in  the 
process  is  to  carry  the  logs  from  the  ooaveyor  to  the  barker, 
adjust  the  support  to  the  sise  of  the  log  and  ea.rry  the  barked 
log  bajflc  to  the  oonveyor, 

^r€m  the  barker  the  logs  now  stripped  of  bark  are  con- 
veyed to  machines  which  oat  the  logs  into  chips  and  then  splits 
up  the  chips  into  small  pieces  to  esipose  greater  surface  to  the 
action  of  the  aoid  liquor.       These  oiMnbined  ohippers  and 
crushers  consists  of  a  large  steel  disk  having  a  number  of 
knives  placed  radially  on  one  side,     and  a  number  of  steel  pins 
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on  the  other  side,  projecting  perpendioularly  to  the  face  of  the 
disk.       The  disk  is  enclosed  in  an  iron  casing  on  the  lower 
part  of  irtiioh,  on  the  inside,   steel  pins  similar  to  those  on 
the  disk  project.       The  log  is  taken  from  the  oonveyor  and  is 
plaoed  in  a  spout-shaped  sup  ort  naking  «ui  angle  of  about 
SO®  with  the  disk.       The  weight  of  the  log  is  sufficient  to 
keep  It  against  the  knives,    cutting  it  into  chips  which  pass 
throu^  slits  in  the  disk  to   the  side  on  which  are  the  steel 
pins.       The  chips  pass  het-'/een  the  rapidly  reyolving  pins,  and 
the  stationary  ones  on  the  casing,    and  B,re  then  drf^wn  out 
throu^i  the  bottom  by  a  blower,  which  delivers  them  onto  a 
revolving  «ylindriC8l  screen  with  its  axis  innking  an  angle  of 
about  30     with  the  horizontal.       The  chips  are  delivered  at  the 
upper  end  of  the  screen,   the  small  pieces  falling  throu^, 
while  the  oversize  passes  down  to  the  lower  end  from  wliere  it 
goes  to  a  reohipper.       This  consists  of  a  heavy  disk  running  on 
a  steel  shaft,  and  carrying  on  its  periphery  ei^t  knives. 
These  knives,  passing  by  three  bed  knives  attached  to  the  cas- 
ing of  the  macSiine,    recut   the  material  as  it  psisses  thiroucjfi. 
The  chips  from  the  rechipper  are  blovm  hack  to  the  screen,   so 
that  no  large  pieces  of  wood  find  their  way  to   the  digester. 

The  chips  passing  through  the  screen  are  oau^t  in  a  bin, 
from  yfhere  they  are  blovm,   to  l?irge  bins  over  the  digesters. 
The  digesters  are  filled  about  three  fourths  full  of  chips  from 
the  bins,   throu^  a  hopper  arrejigenont.       Tlie  acid  liquor  is 
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then  punped  in  fsron  storage  tanks;   aTjout  30,000  gallons  are 
used  in  a  oharge,   or  a"bout  1200  gfJLlons  per  cord  of  wood. 
Stoaia  ia  then  run  in  under  100#  proBsure,       After  about  ten 
hours  the  pressure  in  the  digester  rises  rapidly  and  Vcie  con- 
tents of  the  digester  are  "blovm  Into  a  large  aoncrete  hox, 
called  the  blow  pit.       Here  t?ie  pulp  rjid  black  liquor  separp.te 
to  some  extent,   and  the  pulp  is  pumped  to  stxiff  cheats,   In  Which 
the  pulp  is  thoroughly  washed  In  running  water.        The  stuff 
chests  are  horizontal  wooden  sylinders,   thniuf^i  the  center  of 
which  a  shaft  wrvolves,    carrying  a  number  of  wooden  paddles 
which  keep  the  ptilp  stirred  up.       Pron  the  stuff     chests  the 
pulp  is  pumped  to  centrifugal   screens  situated  in  the  wet  room. 
Here,  any  slivers  of  wood  unacted  upon  by  the  acid  liquor  are 
removed  and  returned  to  the  digester.        From  the  centrifugal 
scroens  t-ie  pulp  flows  to  storage  tanks,  where  water  is  nixed 
with  the  pulp  to  make  it   the  proper  consistency.       The  tanks 
contain  stirrers  to  keep   the  mixture  uniform,   and  to  prevent 
the  pulp  froia  separating  from  the  water.        The  pulp  is  punped 
from  the  storage  tanks  to    the  vats  of   the  wet  nachines.        Th.e 
wet  rap.chinss  consist  of  a  eylinder  of  wijre  gauze  six  feet  long 
partly  submerged  in  a  vat  of  pulp;   above  this  aylinder  and 
toucfliing  the  top  of  it  is  a  wide  band  of  felt  which  passes  over, 
and  ureier  a  number  of  wooden  rollers.       As  the  wire  aylinder 
reTOlves  It  picks  up  a  layer  of  pulp  and  delivers  it  onto  the 
felt,  and,  passing  between  the  rollers,    is  freed  from  most  of 
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the water  ,   "being  deHvered  at  the  end  of  the  machine,  ;vhere  an 
attendant  cut a  it  Into   aheeta  aix  feet  long  with  a  doctor 
knife.       The  sheets  of  moist  pvap  then  go  to  the  warehouse  to 
"be  shipped  to  market • 

Description    of    Buildings. 

All  Isuildings  are  to  T>e  of  "brick,    and  with  the  exception 
of  the  acid  naking  "building  are  to  T^e  of  fire-proof  constjruc- 
tion  througliout.       All  interior  work  in  the  £i,cid  building  is 
to  "be  of  white  pine.       Basement  floors  will  "be  of  cenent  laid 
according  to  standard  practice.        Other  flocr  s  are  to  he  of 
reinforced  concrete.        All  windows  to  "be  glazed  with  wire 
glass  J  window  saslies,   f  rimes,   doora,   and  door  frr.jaes  other  than 
those  used  in  the  acid  building  will  be  x?iade  of  pressed  steel. 
On  all  buildings,   save  the  acid  nriking,   the  roofs  will  be  of 
reinforced  concrete  covered  with  a  tar  roofing,   and  supported  on 
steel  trusses.       On  the  acid  building  the  roof  v/ill  be  of  wood, 
covered  with  a  tar  roofing  sinilcO*  to    the  others.        Girders, 
colivans,    etc.,   other  than  those  mentioned  are  to  be  of  steel. 
All   akylichts,   ventilators,  metfil  windov/s  and  doors  are  to  be 
furnished  by  the  S,  Van  IToorden  Co.,   Boston,  Kass.       All 
reinforoe<l  concrete  construction  in  the  buildings  ia  to  be  don« 
by  L.  J.  Mensch,   C}iic8.go,  Ills.       Tna  roofings  are  to  be  laid 
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by  the  Barrett  Manxifacturing  Co. 

Wood    Department , 

COHVB5rORS-The  eonyeyora  for  corying  the  logs  from  tha 
water  to  the  storage  groujid,   and  from  the  storage  groimd  to  the 
aawa,   consist  of  a  steel  oaWe,   oarrylng  claraps,  and  moTinc  in 
a  wooden  runway.       The  olao5>s  can  "be  moved  any  distance  apart 
to   suit  the  length  of  log.       The  advant^iges  of  this  system  are 
sirr^lioity,   chePvpneBs,   flexibility,   and  small  power  required 
for  operating.       The  ©onveyors,  with  all  necessary  trestle  work 
and  appurtananoes,   are  to  be  installed  by  t.he  Jeffrey  Ifenu- 
facturing  Co.,   of  Colunbufj,  Ohio. 

SAWIHO  ICAnHHTniS-The  automatic  sawing  n.ichine  is  made  by  the 
Wateirville  Iron  Works,  Waterville,  Maine.       It  consists  of  the 
neoeggary  hard  pine  fr«ne,   to  v/hich  is  attached  saw  arbors 
carrying  five  oircii.lar  saws  placed  in  position  to  out  the  wood 
Into  two  foot  lengths.       The  log  is  carried  to  the  saw  by  means 
of  carrier  chains  to  which  are  attached  brackets,   or  dogs,   the 
stick  being  placed  on  the  table  ahead  of   these  dogs.        The 
carrier  chain  being  in  continuous  notion,   a  log  if  placed  ahead 
of  every  bracket  keeps  the  saws  in  out  almost  constantly.       This 
machine  will  do  a  large  amount  of  work,   and  is  very  ef- 
ficient. 
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BAUKSRS-The  barkers  used  a.re  also  vx'vdie  by   the  Watenrllle 
Iron  Works.        The  machines  are  made  ?/holly  of  metal,   ^velght 
about  400C  pounds  each  and  are  thoroughly  built.       The  shafts 
are  made  of  steel,  with  long  bearings,   and  run  in  self  oiling 
boxes.       The  disks  are  turned  and  balanced.        The  outside  of 
each  dlak  is  hooped  with  a  heavj''  Norsray  iron  band  to  prevent 
brerJcing,  ^^en  running  at  a  hif^i  rate  of  speed.        Attached  to 
the  back  of  each  di:*:  are  fans  making  it  a  poTTerful  ejdiaust  faja 
for  removing  the  bark  and  waste  material  from  the  machine, 

IJaoh  barker  is  provided  with  a  derioe  for  adjiisting  the 
brackets  that  at5>/.ort  the  logs  w5aile  in  the  out,   raising  and 
lowering  them  at  the  will  of   the  operator  as  the  wood  varies 
froii  large  to   am all  dianetar.       There  ig  also  a  simple  dQTioe 
for  sustaining  the   thrust  of   the  log,   giving  the  least  possible 
friction. 

On  the  back  of  eadix  machine  i^  a  sn<'ill  door,   whicli  pro- 
Tides  eR.sy  access  to  the  knives,  for  the  puri)03G  of  adjusting 
or  removing  th«n.       The  barkers  uaed  in  this  design  o  ,rry  six 
knives  each,   and  take  wood  up  to  27  inolios  in  diameter. 

Bach  barker  is  equipped  with  a  Lombard  Barker  attaohiaent, 
made  by  the  Vaterville  Iron  Works,       T}iis  consists  of  a  suit- 
able frame,   bolted  to   tv.e  top  of  the  barker,    to  which  is 
attached  a  chain,   driven  by  a  sprocket  and  supx>lied  v/ith  sharp 
spurs.       The  shaft  to  \tiich  the  sprocket  is  attached  is  driven 
by  a  belt  from  a  pulley  on  the  barker  shaft. 
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In  operating  the  "barker,   the  log  is  first  placed  In  posi- 
tion on  the  braokotaj   the  chain  ia  then  "brou^^t  do^m,   the  apuro 
coming  in  oontaot  with  the  log,   causing  it  to  revolve  with  an 
oven  motion,    thus  aecuring  a  uniform  cutting  of  the  knife, 
Theao  attatfiments  add  very  materially  to  the  efficiency,  eaao 
of  operating  and  saving  of  wood. 

CHTPPHRS  &  CRUSHHRS-Tlie  machines  for  chipping  and  oru^ing 
are  kno'-wi  as  the  Sliortt  Patent  oomTained  chipper  and  crtzBher,   and 
are  Ijullt  by  the  Baker  and  Shevlin  Co.,   Saratoga  Springs,  N,  Y. 
They  are  of  metal  throu^out  and  are  very  solidly  built,       Tjisse 
machines  are  coir5)'3ratively  recent  deviees  in  the  ptap  industry 
and  have  net" with  gr«fit  succegs,   as  they  do  away  with  the  ax- 
penae  and  trouble  of  an  extra  machine, 

RSOiriPPliE-Fcr  reoutting  the  chips  which  are  too  largo,   the 
Lombard  Reohipper,  riade  by  the  Waterville  Iron  Worka,   is  used. 
55ie  description  of  it  may  be  found  on  another  pe^^e. 

C!!IP     SCrjSBH-The  Lombard  Chip  Screen,   also  made  by  the 
foregoing  company,   is  er^pioyed  to  remove  the  large  chips,   saw- 
dust,  dirt,    etc.,   from  the  good  chips.        The  screen  consists  of 
a  oylinder,   composed  of  five  sections,  rariking  an  angle  of  about 
15**  with  the  horizontal  and  supported  on  two  parallel  shrifts, 
carrying  pulleys  which  bear  on  hoops,    sepai'ating  the  sections 
of  the  screen.       Motion  is  larparted  to  the  shafts  by  means  of 
bevel  gears  In  meah  with  gears  on  a  third  shaft  carrying  a 
pulley  and  belt;   the  ahafta  in  turn  rotate  the  screen.       The 
first  or  upper  three  sections  of  the  adreen  are  covered  with 
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perforated  metal,  which  allows  all   the  sawdust,   dirt,   etc.,    to 
pass  through,  leaving  the  chips  to  he  Cirried  into  the  next 
section.       The  last  two  sections  are  fitted  with  slats,  "between 
which  the  good  mtorial  passes,  leaving  the  long  slivers, 
knots,   etc.,    to  he  carried  out  at  the  end.        The  machine  Is  pro- 
vided with  a  device  for  preventing  the  chips  from  dogging  the 
spaces  hetv,-een  the  slats,   thus  securing  an  Unrest xloted 
passage  for  then. 

Digester    Suilding. 

The  digester  huilding,  haing  hi^ier  tlmn  the  others,    is  tft 
he  built  no  re  solidly.       The  walls  are  to  he  24  inches  thiolc  at 
the  bottom  and  are  to  h^ive  a  bolter.       Tiie  foundations  ax-e  to 
ha  of  concrete  and  vary  solid,   especially  under  the  digea^era. 

DIGJSSTISRS-Tfie  digester  a3iella  are  to  he  erected  by  either 
the  M<^eil  Boiler  Co.,   Akron,  Ohio,   or  the  Monito-^o  Boiler 
Works,  Manitowoc,  Wisconsin,   depending  on  the  location  of  ths 
mill.       Bach  and  all  of  the  ahell  plates  are  to  be  1  l/s  inches 
thick  and  the  outside  covering  plates  1  l/4  inches  tliick,   of 
open  hearth  flange  steel,  having  a  tensile  strength  of  at  le  ist 
50,000  pounds  per  sqtiare  inch  of  section.       Elastic  limit  to 
be  not  less  than  half  the  ultimate  strength.       Elongation  to  b« 
not  less  than  22^  in  a  length  of  8  inches.       The  longitudinal 
searas  are  to  be  triple  and  the  circumferential  se^sras  double 
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riTeted.       Riveta  muBt  conrpletely  fill  the  hol«s  and  have  txxii 
hol«0  oonoentric  with  the  rivet  and  in  full  contact  with  th« 
surface.       The  rivets  are  to  be  of  steal  1  1/4  inches  in 
diameter  and  of  the  same  quality  and  standard  as  that  ro quired 
by  the  U.   3.   government  for  similar  vessels  and  work.       There 
are  to  "be  eight  supporting  "bracketa  riveted  to  the  diachairging 
oonioal  end  of  the  shell,   rivets  to  be  oountersvink  on  the  insid* 
of  the  shell,  also  eif^it  supporting  oolumna,    the  contact 
bearing  part  a  of  the  brackets  and  ooluaina  are  to  be  faced,  and 
}3fil@B  drilled,   the  columns  to  be  oaat  of  tou^i  gray  iron.       Th« 
brackets  to  be  of  oaat  steel.       The  digester  when  completed  is 
to  be  subjooted  to  and  tested  to  a  liydrostatic  pressure  of  130 
poxrnds  per  squai^e  ineh  and  to  be  perfectly  tight  at  that 
pressure. 

The  lining  for  the  digester  is  to  be  of  Acid  Proof  Vitri- 
fied Hon  Absorbent  brloka,   laid  with  a  mixture  of   the  pul- 
verized brick  and  Portland  cement.       These  bricks  are  manu- 
factured by  the  New  York  Brick  and  Paving  Co.,   of  Syracuse,  Hew 
York,   and  have  shown  no  deterioration  aifter  seT<;ral  months 
immersion  in  a  50^  solution  of  aidphuric  acid. 

The  pipes  which  convey  the  acid  liquor  from  the  storage 
tanks  to  the  digester,   and  those  througli  whicih  the  pulp  Ib 
blown  from  the  dige  ster  to  the  blow  pits,   are  of  iron,   lead 
lined.        They  are  to  be  furnished  by  the  Lead  lined  Iron  Pipe 
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Co.,  Wakefield,  TSass.        The  pumps  for  forcing  the  acid  liquor 
Into  the  digesters  are  of   the  oentrifugail  type,   and  con^posed  of 
stoneware.        They  are  made  by  Frederick  Bertuoh  and  Co.,  Hew 
York,  H.  Y.       The  TalYes  controlling  the  flow  of  the  pidp  into 
the  blow  pits  are  lead  lined,   and  are  manufactured  by  the 
Baker  &  Shevlin  Co, ,   Saratoga  gprings,  N.  Y. 

The  pipe  "bringing  the  stoam  to  the  digester  enters  about 
three  fourths  the  way  up,    and  connects  inside  the  digester  with 
a  perforated  bronae  pipe  placed  Tertically.       The  steam  is 
forced  throu^  the  perforations  amd  rises  up  through  the  liquor, 
heating  it  and  causing  it  to  act  on  the  chips. 

EXHAUSTERS-The  exhausters  used  in  tho  various  places  for 
blowing  the  chips  are  built  by  the  Green  Fuel  Economizer  Co., 
Matteawan,  N,  Y,       The  side  plates  cr  housings  are  made  from  a 
higji  grade  of  steel  plates.       The  plates  are  riveted  and  bolted 
to  a  frame  cosiposed  of  angle  irons.       The  wheel  is  constructed 
of  steel  plates,  with  steel  tee  arms  and  cast  iron  hub,  fitted 
onto  the  shaft  with  taper  key  and  set  screws. 

STORAGE     BIH3-The  bins  above  the  digesters  for  holding  the 
chips  are  to  be  built  of  half  inch  steel  plates,    riveted  to 
I  beams  placed  t^TO  feat  apart,   t3ie  whole  being  supported  on 
built  up  girders,   and  braced  with  I  beams.      The  hoppe  r  at  the 
bott<Ma  is  to  be  of  sheet  steel,    tfXuh  a  slide  gate  of   the  same 
materiftl,   and  an  extension  steel  pipe  at  the  bottom.       Both  the 
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gi.te  and  pipe  are  operated  "by  Xevera  placed  on  tjae  floor  aljoye 
tha  digester,       Wlien  the  digesters  are  charged  with  ohips  the 
cover  is  undamped  and  swung  aside,    there  "being  a  joint  in  the 

acid   li«iUOr   pipe  to  provide   for  this. 

scow    PITS-The  "blo^T  pits  are  to  consist  of  reinforced 
ooncrete,   lined  with  neat  Portland  osment.        They  are  oo-vered 
with  the  sane  materisil,  manholes  heing  provided  for  cleaning 
and  repairing  the  pits.     There  is  also  an  opening  in  the  top, 
for  ooixnection  with  a  flue  for  conveying  the  sulphur  dioxide 
fumes  into   the  air,        'JHhis  flue  is  of  reinforced  concrete, 
lined  with  a  layer  of  neat  Portland  cement.        The  whole  con- 
trivance is  to  he  practically  air  tl^ht,   so  that  no  corrosive 
gasaea  will  esc^e  inside  the  buildings. 

Acid     System. 

Tlie  acid  naking  system  reprenentg  the  noRt  recent  and 
6cor.omle50L  develop^ient  along  this  line,   and  Is  the  cheapest 
up  to  date  plant  in  the  world.        Bince  it  was  introduced  in 
1904  by   the  Stehhins  Bngineering  and  Kfg,    Oo,,   Waterto^m, 
27.  Y, ,    seversQ.  of  these  plants  have  heen  installed. 

The  department   (A)    is  v/hat   is  oomonly  known  as   theLlriuor 
Making  room.        Tl\e.  department  (B)    is  the  Sulphur  Burning  room. 
The  department   (C)    in  the  Sulphur  Storage  room,    and  the  depfjjrt- 
raent  (75)   the  Lime  Htorage  and  Lime  Slacking  room.        (C)   and  (D) 
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foita  a  tw©  story  room. 

Referring  to  department  (A),    the  figure  (1)   represents  the 
latest  type  of  liquor  m^lcing  apparatus.       This  contains  four 
ooxapartraents,   tvro  for  the  proper  distribution  of  the  gftsea,   and 
two  for  the  liquor  under  proceaa  of  n<acing  into  bisulphite. 
These  oompartraents  are  fonaed  and  built  up  by  means  of  hefvry 
steel  I  b«?anis,    securely  riveted  and  further  tied  together  by 
nennB  of  rods  in  all  directions.       This  steel  work  is  inoased 
in  solid  walls  of  special  concrete,   and  the  interior  of  the 
apparatus  is  lined  with  a  ti^t  and  acid  resisting  lining,    the 
whole  v*hen  completed  forming  an  air  ti^t,  hernetioally  sealed 
vessel,   fitted  with  agitators  and  all  other  appurtenances  re- 
quired for  the  complete  absorption  of  the  gases  into  finished 
bisulphite  liquor. 

The  figure  (2)    represents  the  location  and  piaioy  of  a 
bronze  netal  acid  liquor  purap  that  is  used  for  the  purpose  of 
transferring  the  finished  bisulphite  liquor  from  the  apparatus 
(1)   into  the  storage  tanks  (3). 

The  figures   (4)    and   (5)    represent  Line  Storage  vesfrels; 
(6)   r^ resents  a  double  affect  sulphurous  g?is  cooling  applianoej 
and  (7)    r  present  a  a  duplex  exhauster. 

Referring  to  department  (B)    the  figures  (8)   and  (9)   re- 
Pifesent  sulphur  burners  of  the  rotary  type. 

Referring  to  deiDartments  (C)   and  (D) ,   the  figures  (10)   and 
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(11)    represent  iron  lirae  slaokin,^  tanks. 

The  oompleta  plant   except  the  Tjuildlng  itself  and  tha 
storage  tanks  but  including  all  other  accesoorieB  is  to  be  in- 
stalled by  tha  Stebbins  Bnglnfierlng  &:  Ilfg.   Co. 

The  istornge  tanks  uaed  are  of  yellow  pine,    and  are  built 
by  the  ▼.   K.   Caldv/ell  Co.,   Louisville,  Ky. 

Finishing     Building. 

The  finishing;  building  is  congtructed  of  similar  materials 
to  those  in  the  wuod  building.        In   -.he  wet  room,   the  soreona 
and  wet  nachines  are   se"!;  t^  on  concrete  foundations. 

SCJffilSMR-The  scrertna,   which  removti  any  sliverfj  unacted  upon 
by  the  acid  liquor,   are  built  entirely  of  raetal  with  the  excep- 
tion of  the  wood  step  which  supports  a  little  of   the  weight  of 
the  cylinder  to   ?/hieh  the  screen  plates  are  bolted.        The 
screen   is  conical   shaped  and  contains   the  cylind'^r  referred  to 
above,   which  carries  the  screen  plates.        There  are  two  parts 
to   the  screen,    one  inside   the  cylinder,    c-'JLled  the   sliver 
Chamber  and  oontainin;:  the  pieces  of  wood  removed  from  the  pulp, 
and  other  between  the  cylinder  and  outside  shell  which  contains 
the  screened  stock.        Tne  cylinder  c^.rrying  the  screen  plates 
revolves  at  about   sixty  revolutions  per  minute.        The  pulp  to  b« 


soraaned  enters  %t  the  bottom  through  a  con^rifug,^  punp,  and 
the  screened  pulp  passes  ou^.  through  a  pipo  In  ;;ha  side,  ne-j 
the  bottom.  Tho  screen  is  knovm  aa  the  Moore  Rotary  r^croen, 
and  is  rcanufacturad  by  tho  Koore  Screen  Co.,   Siwdj  "Till,  :t.  Y, 

WST     ::ACHIJT1?S-T]ae  wet  aa chines  rxre  desi^^p.d  to   secura 
compactness,    in  order  tc  lessjsn  the  araount  o:?  floor  space,   .-md 
at   -.?ie  sa.-i3  txaa  all  p.^.e-ts  .-ire  very  heavily  ouilt.        The  yat 
i-3  of   the  best   ^juality  of  cypreaa  wodj   tht;  machines  aru 
equipped  v?ith  patent  friction  clutch  pi.lleys,    supported  in  ring 
oilins  boxas  on  floor  iitf^dy.        'Zhe  ii^cl.inajs  arei  mf^nuf ciC l.ured 
by  the  Waterous  Saline  Works  Co.,  Br.-..ntford,   Canada. 

^rfjvy     CHESTS  a  TTA'^H^.S-The  stuff  chests  ai'ua  washers  are 
nade  of  cypresa.        ^he  v^aahers  are  horl;iont;a  and  are  e/iuii  ped 
with  --neohrinicfal  stirrers  and  pipes  for  the  entrance  and  dia- 
ch^agG  of  the  \vasli  Wi;ter.        The  stuff  chestfi  are  vertical  and 
are  a?vnilr.r  in  const  motion  to   th«  wasJiers  with   Ihe  exception 
of  th5  pipofj.        The  stuff  cheats  are  for  the  storage  of  'he  pvdp 
before  It  goes   to   the  wet  Kfichines. 

W-^RSROOI!I"Roosi  Is  provided  at   the  end  of  t'xe  ?inish.inf; 
building  for   the  storage  of  tJae  firilslTed  product,  previous  to 
ita  transportation  to  n^rket.        Sufficient  space  ia  supplied 
for  atoring  of  two  7/esks  output.       Larg-  sliding  docrri  op;;n  on 
to  a  plHtfoirro  for  lofwiing  the  piAlp  on  r.-aii'oad  ChTR, 
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COST  OP  CONSTRUCTION. 


Sxoavationa 

foundation* 

Brlokworlc 

Roof  Trusses 

Concrete  and  tar  roofs 

Plain  concrete  floors 

Reinforced  concrete  floors 

Windows 

Doors 

Skylights  and  ventilators 

Coluons,  girders,  and  I  Tseams 

Miscellaneous 

Total  cost  of  construc- 
tion 


Dl^eater 

and 
Pinl shins 
Bulldinfss. 

Wood 
Building. 

Acid 

Building. 

^     392.40 

$      135.63 

#     50.70 

4770. 

1596. 

1200, 

13620. 

2949.12 

1996.80 

2847. 

665. 

5297.60 

2310. 

272.60 

3992. 

1300. 

1134. 

6340. 

3250. 

1296. 

1008. 

800. 

1150. 

310. 

195. 

1486.50 

150. 

4250, 

2860. 

360. 

1565. 

1480. 

1150. 

$46106.50   #18113,75  #7159.10 


z-^. 


TOTAL  COST  OF  BUILDIJIGS. 


Digester 
-and- 

Pinishing  Buildings, 

Cost  of  const.niotion 

Digesters 

Chip  bins 

Blow  pits 

Chimney 

Centrifugal  puuip 

Wet  iiachines 

f5creon3 

¥ashors  and  stuff  chests 

Stuff  puraps 

Motors 

Digester  lining 

Piping  and  Vfdves   (le-.d  lined) 

Shafting  and  pulleys 

Total  Finishing  Building 


%   46106,50 
21000. 
2500, 
1082. 

967. 

150, 
5400, 
2700. 
3000, 

922, 
3000. 
3640. 
8475. 
1650. 
^100492.50 


WOOD     BUILDING. 


Cost  of  construction 

#18113.75 

Conyejiorii 

8960. 

Sawing  Machine 

1025. 

Barkers 

2750. 

Chippera  and  crushers 

2800. 

Reohipper 

125. 

Chip  screen 

400. 

Blowers 

180. 

Piping 

200. 

Shafting  and  pulleys 

425. 

Motors 

4500, 

Hopper 

Building 

150, 

Total  for  Wood 

J  ^39628. 75 

ACID        SYSTEM. 


Cost  of  oonst ruction 
Cost  of  apparatus 
Cost  of  storage  tanks 

Total  Goat  of  Acid  System 


#  7159.10 
28433. 
2711.41 
#38303. 51 


Total  oost  of  plant  exclusive  of  power  plant         |178,424.76 


Z  6. 


COST     OF     OPERATION, 


Wases  and  superintendence 

yiTBsd  charges   (12^  total   investnent) 

1400  H.   P.      ($40.00  per  H.   P.   year) 

Spruce  logs 

sulphur 

Line 


Per  day, 
$  500. 

100, 

150. 

800. 

200, 

40, 


Total  expense 

Daily  Incone 
Daily  Profit 
Return  on  InTestnent 


$1790. 

2000, 
#  210. 


2,7. 
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DESIGN 

OF  A  50  TON 

SULPHITE  PULP  MILL 

PLAN   OF   BUILDINGS 

SCALE  i I  NCH=  1  FO 0 T.     Juke lae. 
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PLAN  WET   ROOM   BASEMENT 
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